Gabapentin increases a tonic inhibitory conductance in hippocampal pyramidal neurons.
The mechanisms underlying the therapeutic actions of gabapentin remain poorly understood. The chemical structure and behavioral properties of gabapentin strongly suggest actions on inhibitory neurotransmission mediated by gamma-aminobutyric acid (GABA); however, gabapentin does not directly modulate GABAA or GABAB receptors. Two distinct forms of GABAergic inhibition occur in the brain: postsynaptic conductance and a persistent tonic inhibitory conductance primarily generated by extrasynaptic GABAA receptors. The aim of this study was to determine whether gabapentin increased the tonic conductance in hippocampal neurons in vitro. As a positive control, the effects of vigabatrin, which irreversibly inhibits GABA transaminase, were also examined. GABAA receptors in hippocampal neurons from embryonic mice were studied using whole cell patch clamp recordings. Miniature inhibitory postsynaptic currents and the tonic current were recorded from cultured neurons that were treated for 36-48 h with gabapentin, vigabatrin, or gabapentin and vigabatrin. To determine whether gabapentin increased the expression of GABAA receptors, Western blots were stained with antibodies selective for alpha1, alpha2, and alpha5 subunits. GABAA receptors were insensitive to the acute application of gabapentin, whereas chronic treatment increased the amplitude of the tonic current threefold (EC50 = 209 microm) but did not influence miniature inhibitory postsynaptic currents. Vigabatrin increased the tonic conductance, and the maximally effective concentration did not occlude the actions of gabapentin, which suggests that these compounds act by different mechanisms. Neither gabapentin nor vigabatrin increased the expression of GABAA receptors in the neurons. Gabapentin increases a tonic inhibitory conductance in mammalian neurons. High-affinity GABAA receptors that generate the tonic conductance may detect small increases in the ambient concentration of neurotransmitter caused by gabapentin.